THz spectroscopy of excited torsional states of monodeuterated methyl formate (DCOOCH3) by Carvajal, Miguel
THz spectroscopy of excited torsional states of
monodeuterated methyl formate (DCOOCH3)
Miguel Carvajal1, Chuanxi Duan2, Shanshan Yu, John
C. Pearson, Brian J. Drouin3, Isabelle Kleiner4
1 Dept. F´ısica Aplicada, Unidad Asociada CSIC-IEM, Universidad de Huelva, Spain
2 College of Physical Science and Technology, Central China Normal University, China
3 Jet Propulsion Laboratory - NASA, California Institute of Technology, Pasadena, USA
4 Laboratoire Interuniversitaire des Syste´mes Atmosphe´riques (LISA), CNRS, Universite´ de
Paris-Est et Paris Diderot, France
International Symposium on Molecular Spectroscopy
Champaign-Urbana, Illinois
June 20-24, 2016
Monodeuterated methyl formate (DCOOCH3)
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Methyl formate (one internal CH3 rotor)
Torsional w.f.
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What should we expect from this new collaboration?
New detections of g.s. and vt = 1 lines in the
interstellar medium???
Yes . . .
Working in a similar way as was accomplished for
13C-methyl formate
1 Intensive experimental spectral recording.
2 Global analysis (torsional + rotational) through Rho-Axis Method
(RAM) by means of BELGI code. RAM
Kleiner 2010, J. Mol. Spectr. 260, 1
3 Predictions of transition lines in the spectral windows of the
observatories.
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Detection of 13C-methyl formate vt=1 lines in Orion-KL
Haykal et al., A&A 568 (2014) 58
H13COOCH3 vt = 1
HCOO13CH3 vt = 1
All lines modeled in previous
papers (Tercero, Cernicharo)
except 13C-MF vt = 1
Spectral analysis:
HCOO13CH3: 6574 vt = 0
lines and 2881 vt = 1 lines
(rms(vt = 0)=38.3 kHz,
rms(vt = 1)=41.9 kHz, 52
fitted parameters).
H13COOCH3: 4956 vt = 0
lines and 2501 vt = 1 lines
(rms(vt = 0)=53.0 kHz,
rms(vt = 1)=58.4 kHz, 45
fitted parameters). (Carvajal
et al., ApJS 2010)
18O-MF
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Spectral analysis of DCOOCH3:
Some former studies and recent progress.
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Interstellar Detection of DCOOCH3 in Orion KL
Margule´s et al. 2010, ApJ 714, 1120
Detection (Tercero,Cernicharo):
I The histogram spectra are the
observations compared to the
model (smooth line).
I The spectra are in units of
main beam temperature
(Tmb(K)).
Spectral recording in Lille+Oslo:
I About 1100 ∆Ka = 0 lines
and 600 |∆Ka| = 1 lines were
analyzed.
I The highest Ka values
involved in the |∆Ka| = 1
transitions are 16.
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DCOOCH3 spectrum recorded in JPL
Duan et al. 2015, A&A 576, 39
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Extension of the experimental spectrum to the THz region.
Spectral analysis of 3763 vt = 0 lines up to 1466 GHz (J
max = 69 and Kmaxa = 36).
Most of the new data set consists of more than 2000 |∆Ka| = 1 lines.
The highest Ka values involved in the |∆Ka| = 1 transitions are 36.
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New spectral analysis of DCOOCH3 (in progress)
Number of parameters 27
Number of lines 3763
rms of the 3763 vt=0 lines 104.3 kHz
Source Range (GHz) Jmax , Kmax N.lines Exp. Unc. (kHz)
Curl 1959 227-290 5, 1 5 200
Oesterling et al. 1995 91-377 30,25 826 80,200
Margule´s et al. 2010 4-18 7,4 39 3,10
7-80 48,16 276 150,200
580-661 64,36 566 50,100,200
Duan et al. 2015 (JPL) 850-1466 69,36 2051 100,200
NEW COLLABORATION!!
Global analysis (RAM) of 3918 spectral lines in g.s. and ∼ 600 vt=1 lines
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Spectral analysis procedure for molecules with CH3 rotors
Global analysis (torsional + rotational) through Rho-Axis Method
(RAM) by means of BELGI code
Hrot−tor = F (pα − ρJa)2 + V3
2
(1− cos 3α)
+ AJ2a + B J
2
b + C J
2
c + Dab(JaJb + JbJa) + . . .
α is the internal rotor angle.
pα is the internal angular momentum.
F is the internal rotation constant (F ≈ 5.49 cm−1).
V3: threefold torsional potential barrier.
ρ parameter represents the coupling term between internal rotation and global
rotation in the kinetic energy operator.
I. Kleiner 2010, J. Mol. Spectrosc. 260, 1
Global Analysis Method
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Rotational-torsional wavefunctions
Torsional basis functions for CH3 (first diagonalization step)
|K ; vt , σ〉 = |K 〉
10∑
k=−10
AK ,vt ,σk e
i(3k+σ)α
σ = 0 → A1 or A2 symmetry
σ = ±1 → E symmetry
Torsional potential
Rotational-torsional eigenfunctions (from second diagonalization step)
|vt , σ; J,K ,M; Γ〉 =
∑
v ′t ,K ′
C J,vt ,σ,Γ
v ′t ,K ′
|K ′; v ′t , σ〉 |JK ′M〉
|JKM〉: Symmetric rotor basis function.
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Experimental dipole moment
HCOOCH3: µa = 1.648(8) D, µb = 0.706(12) D, µc = 0.0 (assumed)
DCOOCH3: µa = 1.643(12) D, µb = 0.748(11) D, µc = 0.0 (assumed)
Margule`s et al., ApJ 714 (2010) 1120
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Line strength calculation
Line strength of the rotation-torsion transition
Sµ2 =
∑
M
3
∣∣∣∣∣ ∑
α=x ,y ,z
∑
v ′′t K
∑
v ′′′t K ′
C
J′v ′tσ′Γ′
v ′′′t K ′
C JvtσΓ
v ′′t K
× 〈K ′v ′′′t σ′ |µα|Kv ′′t σ〉 〈J ′ K ′M |ΦZα(φ, θ, χ)| J K M 〉
∣∣∣∣∣
2
Kleiner, J. Mol. Spectrosc. 260 (2010) 1
The experimental dipole moment of main isotopologue is considered as a good
assumption for other isotopologues.
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Detection of 18O-methyl formate isotopologues in Orion KL
Tercero et al., A&A 538 (2012) A119
Detection by Tercero and
Cernicharo.
Spectral recording in Lille+Oslo.
Spectral analysis:
HCO18OCH3: 4430 vt = 0 lines
(rms=47.8 kHz, 30 fitted
parameters).
HC18OOCH3: 3258 vt = 0 lines
(rms=44.8 kHz, 29 fitted
parameters).
13C-MF
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